Purpose: Although-venous valve lesions have been cited as a mechanism of graft failure, the fate of venous valves in reversed saphenous vein (RSV) bypass grafts is undear. The basis for this uncertainty is the difficulty in postoperative identification and follow-up of valve sites and the infrequent pathologic submission of vein graft lesions. This report describes the features of "functional" valves (FV) visualized in RSV grafts by ultrasonic duplex scanning. Methods: Sixty-six RSV infrainguinal vein grafts were prospectively studied with duplex ultrasonography from January 1992 to December 1995. Grafts were studied at 1, 2, 3, 4, 6, 9, 12, 18, and 24 months, then annually. FV identification was based on a characteristic ultrasound Doppler waveform and color flow pattern and visualization of the leaflets by B-mode imaging. The waveform consists of end-systolic valve closure followed by variable degrees of reflux. Immediate postoperative reactive hyperemia precludes detection, because flow reversal in the graft is needed for identification.
The mean time to FV recognition after implantation was 10 months (range, 1 to 52 months), and the average follow-up was 15 months. One valve was completely competent. Seven (50%) of the FV were associated with the development of a <50% diameter reducing stenosis by Doppler velocity criteria. None of the FV has required intervention. Conclusions: "Functional" vein valves in RSV grafts are common and can be identified by ultrasonic duplex imaging. Awareness of the characteristics of FV during routine duplex graft surveillance will undoubtedly increase detection. The variable time course to identification of FV and duration o£ "fimction" warrants continued follow-up to determine the relationship of these valves to the development of stenotic lesions and graft failure. (J Vasc Surg 1997; 25:522-7.) It is well established that venous valvular disease is one cause of saphenous vein bypass failure. 1-5 However, the relative contribution of this entity in the spectrum of graft failure remains a source of debate. 6 Clearly, a retained valve in an in situ bypass is a serious threat to graft patency. The ultimate fate of venous valves in reversed saphenous vein (RSV) bypasses is less clear. Experimental evidence has shown that intact valves in reversed veins cause luminal narrowing, serve as a source of resistance, and generate significant flow disturbances. 7-9 Whether there is a connection between these hemodynamic changes and the eventual development of vein graft stenoses is not known.
Postoperative duplex surveillance programs, although widely used, have not clarified this issue. The reason for continued uncertainty regarding the fate of reversed venous valves has been the difficulty in identifying these structures after surgery. In addition, pathologic specimens are infrequently submitted for histologic examination, because vein graft lesions are routinely treated by vein patch angioplasty, bypass, and percutaneous transluminal angioplasty.
Recently, as part of a prospective ultrasonic duplex vein graft surveillance study, we noted unique Tullis, Primozich, and Strandness 5 2 3 B-mode and Doppler ultrasonographic findings, which we attribute to mobile coapting venous valves in RSV bypass grafts. This report describes the features and preliminary follow-up of "functional" valves (FV) visualized in RSV grafts by ultrasonic duplex scanning.
PATIENTS A N D M E T H O D S
In January 1992 we began a prospective duplex vein graft surveillance study. Grafts were studied at 1, 2, 3, 4, 6, 9, 12, 18 , and 24 months and then annually. Since that time 80 infrainguinal vein grafts (RSV, 63, in situ, 10, arm, 3, polytetrafluoroethylene/vein composite, 4) have been enrolled in the study.
The indications for bypass were limb salvage in 49 (61%), severe claudication in 24 (30%), popliteal aneurysm in 4 (5%), and trauma in 3 (4%). The distal anastomosis was to the above-knee popliteal in 23 (29%), to the below-l~ee popliteal in 28 (35%), and to tibial arteries in the remaining 29 (36%).
The method for duplex scanning has been previously reported) ° In brief, all scans were performed by three technologists with an HP 1500 or 2500 ultrasonic duplex scanner (Hewtett-Packard, Andover, Mass.). The major portion of each graft was scanned with a 7.5 MHz B-mode transducer with a 5.5 MHz pulsed-wave Doppler flow detector. A 4.5 MHz B-mode transducer with a 3.5 MHz pulsedwave Doppler flow detector was used to interrogate deeper portions of the grafts. Each of the vein grafts was divided into the following seven segments: (1) postproximal anastomosis, (2) proximal, (3) proximal-mid, (4) mid, (5) mid-distal, (6) distal, and (7) predistal anastomosis. Velocity determinations were calculated with a 60-degree angle ofinsonation. Velocity spectral waveforms and B-mode images were obtained from the inflow and outflow arteries, the seven segments of the graft, and any areas of steno-SCS.
Vein graft lesions were classified with absolute velocity and velocity ratio (VR) criteria described by Bandyk. 11 The VR ratio is defined as the maximum peak systolic velocity (PSV) in the stenosis divided by the prestenotic PSV. Lesions were classified into 0ne of four categories: (1) 2% to 29% (VR <2.0 and PSV <150 cm/sec with B-mode and spectral v¢10City abnormalities), (2) 20% to 49% (VR >--2.0 and PSV <150 cm/sec), (3) 50% to 74% (VR >-2.5 and PSV ->150 cm/sec), and (4) >-75% (VR >-3.5 and end diastolic velocity >-100 cm/sec). The VR was primarily used to grade the stenosis unless there was a discrepancy of two categories between the VR and The identification of FV during RSV graft sur-vg~l!ance wa s based initially on either a characteristic Doppler waveform or a typical color flow pattern and then~the subsequent visualization of the mobile valve leaflets on the B-mode image. The Doppler waveform consists of end-systolic valve closure and an audible Doppler "click" followed by various degrees of reflux ( Fig. 1 ). The color pattern consists of an initial forward, "red," systolic flow component that disappears and is replaced by a smaller area of"blue," which appears to linger in the vessel after systole and represents vahallar reflux. The sample volume was slowly moved from wall to wall in the area of the valve. The reflux (signified in color flow by patches of March 1997 "blue") is most often seen along the wall, but it may also be detected in the center of the vessel. The sample volume length was placed on the smallest setting available (0.05 cm), and the single focal zone was placed at the level of the area of interest. The valve cusps are not easily seen on the B-mode image initially because of the nature of the tissue, the fast motion of the cusp, and most important, the variable planes through which they lie in the graft. Once the Doppler signal/color pattern was located, the scanhead was manipulated through multiple viewing angles to approach the cusp surface at a perpendicular angle that provided the brightest reflection. The valve cusps were most easily identified with the transverse plane of view ( Fig. 2) .
Because a component of flow reversal is needed to coapt the valve, immediate postoperative reactive hyperemia precludes detection of FV. This feature was demonstrated in several patients whose FV were interrogated by subjecting the lower leg (distal to the RSV graft) to suprasystolic blood pressure cuffocclu- sion followed by reactive hyperemia. Valve "closure" and reflux were accentuated with cuff inflation and disappeared with reactive hyperemia after cuff deflation. With resolution of the hyperemic response, valve closure was again noted (Fig. 3) .
Another noteworthy feature of some functional valves are the potentially confusing velocities of the forward systolic and reverse (reflux) diastolic flows. 
RESULTS
Of the 80 infrainguinal vein grafts in the study, 66 reversed vein grafts (63 saphenous, 3 arm vein) had the potential of having FV. Although the study was begun in January 1992, the first FV was not "discovered" until August 1994. Since that time 14 FV have been identified in 11 (17%) of the 66 RSV grafts in 11 patients. The mean age of patients with FV was 60 years (range, 46 to 73 years). Indications for bypass were claudication (46%), limb salvage (27%), and popliteal aneurysm (27%). Associated risk factors in the 11 patients were smoking history (79%), hypertension (73%), coronary artery disease (73%), diabetes mellitus (36%), and cerebral vascular disease (27%).
The characteristics of the FV are shown in Table  I . The mean time to FV recognition after bypass was 10 months (range, 1 to 52 months), and the average follow-up was 15 months. The mcan number of cxaminations per RSV graft with a FV was 7 (range, 2 to 15), and the mean number of examinations before FV identification was 5 (range, 1 to 11). Eleven (79%) of the 14 FV were located in the proximal half of the RSV grafts. The mean ankle-brachial index in extremities with FV at the last follow-up visit was 1.06. Doppler waveform diastolic flow reversal was noted in all grafts containing FV. The FV were associated with variable degrees of reflux. One valve was completely competent. Seven (50%) of the 14 FV were associated with the development of a <50% stenosis (six, 1% to 19%; one, 20% to 49%) according to the velocity criteria outlined previously. Two valves became "nonfunctional" (i.e., the characteristic waveform could no longer be detected): one at 7 months and the other at 8 months after identification. These valves have subsequently been followed for 3 months and 1 month, respectively, and both are associated with a 1% to 19% stenosis. None of the FV has required intervention.
Since the beginning of our study we have identified 11 significant (->50%) stenoses in the 66 RSV grafts, which we have attributed to venous valve sites independent of the 14 FV reported previously. Five of 11 were identified as frozen valve cusps with associated stenoses by duplex surveillance at an average of 7 months. Eight of the l i stenoses have required intervention at an average of 12 months follow-up: patch angioplasty (5), valve excision (2) and percutaneous transluminal angioplasty (1) . Two of the five duplex-identified valve lesions underwent intervention at 9 and 12 months. Six of the eight lesions intervened upon were first noted as valve sites at the time of operation. Because we have only recently identified FV, it is unclear whether any of the these 11 vein graft lesions had previous characteristics of a FV.
DISCUSSION
Despite the wide use of RSV bypass grafts for more than three decades, the relative contribution of There is experimental evidence that venous valves are responsible for significant hemodynamic effects in RSV grafts. In a study with direct visualization of RSV valves during pulsatile flow, stasis was noted within the valve cusps, and failure of the valves to completely open produced a cross-sectional luminal area reduction of 61%. 8 One study demonstrated that intact valves in RSV were an important source of resistance, mainly from postvalvular turbulence. 7 Several investigators have shown that lysis of valves in RSV is associated with increases in the rate of flow (cc/min) from 15% to 45%. 7,9,1a Stasis and flow disturbances are known etiologic factors in the deveiopment of intimal hyperplastic lesions. 13 It is not diNcult to conceive that RSV lesions that appear as hyperplastic stenoses may have developed as a result of hemodynamic abnormalities related to venous valves. In fact, in a recent study of reversed arterialized vein grafts in a atherosclerotic rabbit model, a statistically significant increase occurred in vein graft wall thickness distal to valves when compared with grafts without valves after 8 weeks. 14 RSV graft surveillance programs have shown that most stenotic lesions are found in the proximal portion of the graft.1 It has been postulated that stenoses are related to the small caliber of the proximal portion of RSV grafts and the associated flow disturbances this may cause. ~3 It is interesting that 11 (79%) of the 14 of the FV reported in this study were located in the proximal or proximal-midgraft position, which would support their possible role in the development of vein graft stenoses. Previous studies have consistently shown that most vein graft lesions occur within 12 months of graft implantation. 1,1°,is Although the average follow-up of FV in this study is 15 months (range 2 to 52 months), 9 of the 14 FV have been followed for less than 1 year. The fact that four of the five FV with the longest follow-up are not associated with graft stenoses may argue for a benign or protective role ofa FV. There is also the possibility that FV may be the source of the infrequent late graft stenoses, perhaps once the valve cusps become nonfunctional.
To our knowledge there has only been one case report in the literature describing the duplex features of a "functioning" valve in a RSV graft. It was documented 10 years after implantation with no subsequent follow-up. 16 Our report clearly demonstrates that FV in RSV grafts are a common phenomenon, occurring in 17% of the RSV grafts in our study. Now that the duplex characteristics of FV are known, there will undoubtedly be an increase in the detection of these valves by our group and other investigators involved, in vein graft surveillance. Only through continued identification and serial follow-up can the actual incidence and natural history of FV be determined.
In summary, experimental and clinical evidence supports a concern for the role of venous valves in the development of RSV graft lesions. "Functional" vein valves in RSV grafts are common and can be identified by ultrasonic duplex imaging. Awareness of the characteristics of FV during routine duplex graft surveillance will undoubtedly increase detection. The variable time course to identification of FV and duration of "function" warrants continued follow-up to determine the relationship of these valves to the development of stenotic lesions and vein graft failure.
